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Honorable Commissioner of 
Patents and Trademark 
Washington, DC 20231 

EVTPEWTIARY DECLARATION OF TAPANI VUPHINEN 

Sir: 

I, Tapani Vuaringn, hereby say and declare: 

1. My curriculum vxtae is attached Hereto as Exhibit A, I am one of the oo- 
inventors of the above-identified application. 

2. The Lachenal et al reference (1982 International Bleaching Conference, 
pages 145-151) of record in this application describes a combination of an acidic 
treatment with a subsequent peroxide bleaching stage. The charge of sulfuric acid 
in the acidic stage ia 8% on pulp which, according to the authors, corresponded to a 
pH-2) In reality the pH must have been lower. The pH can be evaluated from the 
charge of the acid when the anionic charge of the pulp is approximately known 
CLaine et al, Colloids and Surfaces, A, 88, 1994, 277-287). Such a calculation Bhowa 
that the pH corre spending to a 2% charge of sulfuric add ia -1.5. At the 12% pulp 
consistency pH -2.0 would be obtained with a 1.9% charge of sulfuric acid. 



«15f 



6.MflR.1997:lli:05;AHLSM^^IUNJftLOSTU5TE 358 0 4514259 N0.622g 8 6 P -345339;ff 4/1Z 

^S^"^ +35B 5 2245339 



s 



VUOBINBNetal -2- 
Serial N • 0e/Ma,64G 

3. LflghmaT et al show that a major effect of their acidic treatment, 

v. • - - 

irrespective of its temperature, is a reduction in manganese content of the pulp. 
Because maxxgrnna** catalyaee decomposition of peroxide, a bettor bleaching result 
was obtained with the acidic pretreatment. It may be noted that peroxide bleaching 
is currently widely applied for bleaching of krafl pulps but an acidic pretreatment ie 
not generally used for the removal of manganese ions. Thia is mainly because 
efficient manganese removal requires a high acid charge and a low pH U2). Instead 
of a treatment with add. pulps are usually treated with complexing agents in order 
to remove manganese or other heavy metal ions before a peroxide bleaching stage. 
\ 4. Lacheual et al also ehww that the efficiency of the acid treatment is 
xnerwtA when it ie performed at elevated teraperwtirF-ee. Experiment* were done 
> ^ at 50, 70, arid 90 9 c) In the conclusions the temperature range was restricted to 60- 
80»C. No specific reason was given for why a treatment at 90°C was not In the 
preferred range, however my understanding is that at 90*C the high add charge, 
corresponding to a pH of -l.&Cdecreases the viscosity of the pulp dramatically. The 
strength properties become poor which makes the treatment under these conditions 
impractical. In met, Laehenal et al describe viscosities and strength properties only 
for pulps treated with the acid at 70°C where the hydrolysis of cellulose must have 
been much less extensive. 

5. The above*identified application relates to a method for selectively 
hydrolysis hexenuronic add groups in pulps. Before the invention the existence 
and importance of hexenuronic acid as related to bleaching chemical* was not, to 
my Knowledge, Known in the art. Hexenuronic ae&d groups consume bleaching 
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chemicals,, bind heavy metal ione, cause brightness re v er si on, and form a major 
oxalate source in pulp bleaching. For these reasoni it ie often advantageous to 
remove the hexenuronlc add groups before final Winching, 

6. They hydrolysis of bestenuronie add groups follows an exceptional reaction 
kinetics. The reaction rate gets its maximum value at pH 3-4 (Vuorinen et al, 1996 
International Pulp Bleaching: Conference, 48-51). The reaction, cannot be speeded 
up much by lowering the pH further to 1.5-2. la order to remove most; or the 
hexenuroiite acid groups a relatively high temperature and long treatment time is 
necessary. Typically the temperature is over 85 °C, and preferably at least 90 °C, 
and the treatment time several hours. 

7. la 1995 I, -with the cooperation of others, carried out extensive studies on 
how the selective hydrolysis of hexenuronic acid groups could bo implemented in 
bleaching of kraft pulps. We were fully aware of the negative effects of too low a pH 
and therefore we were also looking for an optimum pH for treatment. The viscosity 
decreased least at pH 3-4, preferably 3-3.5 (depending on the pulp). Since these 
studies I have continuously been involved in development end application of the 
selective hydrolysis trtge. My experience is that the viscosity of pulp ie really a 
factor that must be under control although the hydrolysis is carried out at pH 3-3.5. 

8. A significant difference between the acidic treatments of Lachenal et al 
and the invention is illustrated with the following examples. In Table 1 (appended 
aa Exhibit B) softwood kraft pulp (kappa number 25.4) was treated at pH 2 (0.01 M 
sulfuric acid) and 3.5 (wrminte buffer) at 90°C. Both treatments reduced the kappa 
number by a.e-a.7 units (Table 1). Simultaneously 32-38 meq/kg of nexenuroale 
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add groupc were removed. This reduction correspond* to a 3.4 unite decrease in the 
kappa number (Vuorinea et el, 1996 International Palp Bleaching Conference, 43- 
51). Thus, the kappa number reductions in the acidic stage* were solely caused by 
reductions in the hexenurcnie add content of the pulp. As Table 1 shows, at pH 3.5 
the viscosity was decreased but at pH 2 it dropped dramatically. This example 
shows that the treatment described by Lachenai et al at 90°C la impractical. A key 
ia that the pH of the acidic stage must be high enough in order to prevent the 
hydrolysis of cellulose. 

9. In a second example (Table 2, Exhibit C hereto) an oxygen bleached 
hardwood kxaft pulp was treated at pH 1.5 (Z% sulfuric add on pulp) and 3.5 
(fbrmiate buffer) at 90*C. The kappa number reduction was in both eases 4.2-4.5 
units (Table 2). Because the decrease in the hexenuronic acid content was 29-31 
meq/kg, a small fraction of the kappa number reduction could be caused by 
hydrolysis of lignm structure. The vjscoeityJoeees-were modere^at pH 8.5 but at 
pH 1.5 the viscosity again dropped dramatically. Thus, the conclusions are the 
same as from the previous example. 

10. In a third example (Table 3, Exhibit D), unbleached and oxygen bleached 
hardwood kraft pulps ware treated at pH 2 (1.3% sulfuric add on pulp) and pH 3.5 
(fbrmiate buffer or adjustment with sulfuric add) at 70 and 90 D C. After the 
treatments the pulps were neutralized and treated with a completing agent (0.2% 
EDTA on pulp) in order to remove heavy metal ions. Finally the pulps were 
bleached with alkaline hydrogen peroxide (3% on pulp) for two hours at 90 °C. As 
Table 9 shows, removal of heacenuxanic acid groups at 70°C wad limited to 2.4-6.5 
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meqfeg. The kappa number reduction under the seme conditions was 0.7-1.1 units. 
At 90 °C the removal of hexenuronic add groups wu much more extensive which 
also resulted in a lower kappa number after the acidic stage. None of the acidic 



seen by comparing the kappa number difference before and after the peroxide stage. 
Thus, at least in this case, the effect of the acidic pretreatraeut was restricted to the 
removal of hexenuronic acid groups. 

11. A last example (Table 4, Exhibit 13) shows that the effects described by 
tachenal et al for an acidic pretreataent at pH - 2 at 60-80°C lack generality. To 
the contrary, the selective hydrolysis described according to the invention gives 
•Sects that can be predicted from the hsxenuronie acid content of the pulp. 

12. In conclusion, the acidic treatments described by Lacheaal et al and the 
invention are clearly different. In the first case the treatment is optimally at pH -2 
at 60-80°C. The low pH prevents practical treatments at higher temperatures 
where the removal of hexenuronic acid groups becomes prominent. The bleaching 
result depends on the pulp. In some caeee the acidic pretreatment gives no 
advantage. 

13. The acidic treatment of the invention is optimally performed at about pH 
3-4 and above 85 - C, preferably at or above 90'C. The effect of the treatment is 
baaed «n the removal of hexenuronic acid groups and is thus predictable from their 
content in the pulp. 

14. I declare further that all statements made herein of my own knowledge 
are true and that all statements made on Information and belSef are believed to be 
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true; and farther that those statement! wore mad* with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 19 of the United States Code and that such willful 
falsa statements may jeopardise the validity of the application, or any patent issuing 
thereon. 



Tapani Vuorinei 




Date: 
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, Jadko Tapani Vuorineo 
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CURRICULUM VITAE 
Personal data 

Pull name: Vuorinen, Jouko Tapani 

Date and place or birth: 22 September 1957, Turku 

Parents: Lauri Vuorinen and Aila. Yuorinen, b. KyrB 

Married: 1985 with Kiistiina Virtanen 

Children: Pauliina Mikaela, 1990, Heidi Adeliina, 1995 

Education 

Matriculation Examination, Uosikaupunki High School, 29 May 1976 

Master of Science in Technology, Helsinki University of Technology. 29 August 1980 

Doctor of Technology, Helsinki University of Technology, 30 August 1988 

Professional appointments 

Assistant in Wood Chemistry, Helsinki University of Technology, 1.1.1980-31.7.1991 
Senior Research Fellow, Academy of Finland, 1.8.1991-31.3.1996. 
Decent in Organic Chemistry, Turku University, 2.3.1994- 

Docent in Potest Products Chemistry, Helsinki University of Technology, 1.6.1994- 
Assoeiate Professor in Forest Products Chemistry, Helsinki University of Technology, 
1 A 1996- 

International activities 

University of Notre Dame, USA, visiting scientist, 22,8.1988-28.2.1989, 18.9.-19.11.1989. 
International Carbohydrate Organization, member, 1994- 

Other activities 

Secretary. National program on carbohydrates in process technology (Technology 
Development Centre Finland), 1993- 
Lccturcr, Turku University 

Synthetic organic andbio-organic chemistry; synthetic carbohydrate chemistry, 1993 

Wood Chemistry, 1994 
Lecturer, Helsinki University of Technology 

Methods in chemistry of forest products technology, 1993- 

Cuemisuy of 11 gain and its properties in pulping processes, 1993- 

Membenhips in scientific societies 
Finnish Chemical Society, 1980- 

American Chemical Society, Division of Carbohydrate Chemistry, Division of Agricultural 
& Food Chemistry, Division Of Cellulose, Paper & Textile Chemistry, 1989- 
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Awards and honours 

Honorary award of young scientists, Finnish Chemical Society, 1980 

Special mention, Technology Development Centre Finland, National program on 

carbohydrates In process technology, 1993 

Honorary mention, National Blue Globe contest for inventions promoting clean environment, 
1996 

List of publications 
Papers in scientific journals 

1. Tapani Vucrinen and Eero Sjo$t*om, Kinetics of alkali-catalyzed isomerization of 
D-glucose and D-fructose in ethanol-water solutions, Carbohydrate Research, 108 
(1982) 23-29. 

2. Tapani Vucrinen, Kinetics of alkaline degradation of maltose in ethanol-water solutions, 
Carbohydrate Research, 108 (1982)213-219. 

3. Tapani Vuorinen and Eero Sjostrom, The effect of solvent on the oxygen oxidation 
of polysaccharides, Journal of Wood Chemistry and Technology, 2 CI 982) 129-145, 

4. Tapani Vuorinen, Alkali-catalyzed oxidation of D-glucose with sodium 
2-anmraauinoiiesuIfoiiate in ethanol-water solutions, Carbohydrate Research, 116 (1983) 
61-69. 

5. Tapani Hyppanen. Eero Sjostrom and Tapani Vuorinen, Gas-liquid chromatographic 
deternuhation of hydroxy carboxylic acids on a fused-sflica capillary column, Journal of 
Chromatography, 261 (1983) 320-323. 

6. Tapani Vuorinen, Cleavage of jy-arabtno'hetoB-p-vkrsc and glyoxal with hydrogen 
peroxide. Carbohydrate Research, 127 (1984) 319-325. 

7. Tapani Vuorinaa, Alkali-catalyzed rearrangement of glyoxal and 3-d&oxy-Ti-erytkro~ 
hexos-2-ulose. Carbohydrate Research, 127 (1984) 327-330. 

8. Tapani Vuorinen, Effect of calcium ion on rearrangement of aldos-2-uloses to aldonic 
acids. Carbohydrate Research, 133 (1984) 329-339. 

9. Tapani Vuorinen, 2-C-Caxboxyaldoses and aldonic acids from cellobiose, maltose, 
and 4-O-methyl-D-glucoBe with 2-antbraquinonesulfonic acid, Carbohydrate Research, 
141 (1985)307-317. 
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10. Tapani Vuorinen, Cleavage of the intermediate hydroperoxide* to the ' J* 
D-glucose and D-fructose with oxygen, Carbohydrate Research, 141 (1985) 319-322. 

11 Tapani Vuoruien, Mechanisms and kinetics of isomerization, degradation, and 
oxidation of reducing catbohydrates; reaction paths in alkaline solutions containing 
oxygen and 2-acthraquinon«ulfcnic acid, Digtertation, Annate Academiae Scientiarum 
Fennicae, Series A, H. Chemica, 220 (1988) 160 pp. 

12. Tapani Vuorinen, Stabilizing interactions between a free carbonyl group and hydroxy! 
groups in carbohydrates, Annates Academiae Scientiarum Fennicae, Series A, H 
Chemica, 227 (1990) 191-194, 

13. Jian Wu, AntEony S. Serianni, sad Tapani Vuorinen. Furanose ring anomerization: 
kinetic and thermodynamic studies of the D-^penttdosaz by 13 C-n.m.r. spectroscopy. 
Carbohydrate Research, 206 (1990) 1-12. 

14. Tapani Vuorinen and Anthony S. Serianni, 1J C-Subsrituted pento»-2-ulo«es: synthesis and 
analysis by , H-«aid 13 C-n.m.r. spectroscopy, Carbohydrate Research, 207 (1990) 185-210. 

15. Tapani Vuorinen and Anthony S. Serianni, Synthesis of D-eo^<?-2-pentulose and 
D-r/ireo-2-pentulose and analysis of the 13 C- and l H-n.mx spectra of the 1- C- and 
2- 13 C-substiiuted sugars, Carbohydrate Research, 209 (1990) 13-31. 

16. Anthony S. Serianni. Tapani Vuorinen, and Paul B.Bondo, Stable isotqpicaUy-enriched 
D-glucose: strategies to introduce carbon, hydrogen and oxygen isotopes at various sites, 
Journal of Carbohydrate Chemistry, 9 (1990) 513-541. 

17. Tapani Vuorinen, Tapani Hyppanen, and Eero Sjostoom, Oxidation of D-glucose 
with oxygen in alkaline methanol-water mixtures: a convenient method of producing 
crystalline sodium D-arabinonate, Stercb/Starke, 43 (1991) 194-198. 

18. Jian Wu, Paul B. Bondo, Tapani Vuorinen, anil Anthony S. Serianni, U C- 13 C Spin 
coupling constants in aldoses enriched with, »*p at the terminal hydroxvmethyl 
carbon: effect of coupling pathway structure J~ in carbohydrates, Journal of the 
American Chemical Society, 114 (1992) 3499,j5QjT 

19. Tapani Vuorinen, The role of carbohydrates in v^u*|quincme alkali pulping, J ournal of 
Wood Chemistry and Technology, 13 (1993) 97-131, 

20. Anita. Telsman, Vesa HarjunpHA, Maija Tcnkanen, Johanna Buchert, Tiina Hausalo, 
Torbjern Drakenberg and Tapani Vuorinen, Characterizarion of 4-deoxy- {3 -Lr-threo- 
heK-4^opyranosyiuronic acid attached to xylan in pine Kraft pulp ana pulping liquor oy 
'H and a C NMR spectroscopy, Carbohydrate Research, 272 (1995) 55-71, 
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21 . Anita Teleman, Tiina Hausalo, Maija Tcrkancn and Tapani Vuorinen, Identification of 
the acidic degradation products of hexenuronic add by NMR spectroscopy, Carbohydrate 
Research, 280 (1996) 197-208. . 

22. Johanna Buchert, Anita Telcxnan, Vesa Harjunpas, Maija Tenkanen, Iiisa Vilkari and 
Tapani Vuorinen, Effect of cooking and bleaching on the structure of xylan in 
conventional pine kraft pulp, Tappi Journal, 78 (1995):1, 125-130. 

23. Kenneth N. Drew. Timothy J. Orach, Bisida Basu. Tapani Vuorinen and Anthony S. 
Seriauni, I^(l~ l, C)- and (2- l3 C)ascorbic acid: synthesis and NMR characterization, 
Carbohydrate Research, 284 (1996) 135-143. 

24. Anna Suumaklri, Tie-Qiang Ii, Johanna Buchert, Maija Tenkanen, Liisa Viikari, Tapswd 
Vuorinen and Lars Odberg, Effects of enzymatic removal of xylan and glucomannan on 
the pore size distribution of kraft fibres* Holzforscbung, 51 (1997) 27-33. 

Pa pers at scientific meetings 

25. Tapani Vuorinen and Bero Sjttstrom, Selective oxidation and stabilization of 
carbohydrates with oxygen, The Ekman-Days 1981, Organic & Physical Chemistry of 
Pulping and Bleaching Processes . New Develcpement, Vol. 2, International Symposium 
of Wood and Pulping Chemistry, Stockholm, June 9-12, 1981, 90-93. 

26. Tapani Vuorinen, Oxidation of reducing carbohydrates by oxygen, 14th International 
Carbohydrate Symposium, Stockholm, August 14-19, 1988, Abstract No. D 15. 

27. Tapani Vuorinen and Anthony S. Serianni, Synthesis of ( I3 Q-eariched pentos-2-uloses 
and their analysis by 'H and IS C NMR spectroscopy, 198th ACS National Meeting, 
Miami Beach, September 10-15, 1989, Division of Carbohydrate Chemistry, Abstract 
No. 53. 

28. Tapani Vuorinen and Anthony S- Seriatmi, Syn theme of ( I3 C)-enriched 2-pentuloses 
and their characterization by J H (620 MHz) and "C (75 MHz) NMR spectroscopy, 
198th ACS National Meeting, Miami Beach, September 10-15, 1989, Division of 
Carbohydrate Chemistry, Abstract No. 54. 

29. Tapani Vuorinen, Degradation of aldoses, ketpses, and their derivatives with hydrogen 
peroxide andperformic acid, 20lit ACS National Meeting, Atlanta, April 14-19, 1991, 
Division of Carbohydrate Chemistry, Abstract No. 63. 

30. Tapani Vuorinen, Synthesis of xylitol from D-glucosej a literature survey and preliminary 
Studies, 5th European Symposium on Carbohydrate Chemistry, Edinburgh, September 

8-13, 1991. Abstract No. B 89. 

31. Tapani Vuorioen. Monika Blattlesr, Tarja Hulkkonen. Minna Pyykkonen and Mari 
Takanen, D-Axabinitol by hydrogenation of D-arebinonic acid, 2nd International 
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Workshop Carbohydrates as Organic Raw Materials, Lyon, July 2-3, 1992, Abstract 
No. C9. 

32. Jiauju Luo and Tapani Vuorinen, Stabilities of 1,4- and 1,5-lactanes and structure- 
reactivity relationships in their hydrolysis; a comprehensive study with all hexono-, 
pentono- and tetronolactones, I6tfa International Carbohydrate Sympoaium, Paris,. July 
5-10, 1992, Abstract No. C18. 

33. Tapani Vuorinen, ALdos-Z-uloees; structure and reactions in solution, 7th European 
Symposium on Carbohydrate Chemistry, Cracow, August 22-27, 1993, Abstract No. B 
3. 

34. Tapani Vuorinen, Hiilihydraattxkenrian tutkimuksesta avain uuteen keitto- ja valkaisu- 
tekniikkaan (Research on carbohydrate chemistry as a key to new pulping and bleaching 
technology), Tulevaisuuden sellutekniilto^ennnaari, Helsinki, January 11, 1994. 

35. Nina Engstrom, Anne Vikkula, Anita Teleman and Tapani Vuorinen, Puun herxusellu- 
loosien fysikaalinett kaytta>1yrninen deti^fioinnin yhtcydessS - konventionaalinen 
STJJIaatUkeitto (Physical behaviour of wood hcmicclluloscs during delignification - 
conventional krafl pulping), Tulevaisuuden sellutekniildca-serninaari, Helsinki, January 
11, 1994. 

36. Anita Teleman, Vesa HarjunpM, Maij a Tenkanen and Tapani Vuorinen, Characterization 
by *H and 13 C n-inx spectroscopy of hexenuronic acid, degradation product of 4-0- 
methylfil'ucuronic add, found in pulp and pulp liquor, TulevaiBuuden sellutekniikka- 
seminaari, Helsinki, January 11, 1994. 

37. Johanna Buchert, Maija Tenkanen, Anita Teleman, Vesa HarjunpSa, Jari Tuominen. 
Tapani Vuorinen, Jaime Laine, Raimo Alen, Tiina Hausalo and Tarja Ta mmin en, 
Sellumassojen karboksyyiiiyrnnien karakterisointi (Characterization of carboxyl 
groups in cellulose pulps), Tulevaisuuden sellutekniikka-serninaari, Helsinki, January 
11, 1994. 

38. Anita Teleman, Vesa Harjunpfia, Tortrjom Drgkenfeerg, Maija Tenkanen and Tapani 
Vuorinen, Characterization by *H and "C NMR ipjectroscopy of hexenuronic acid 
found in pulp and pulp liquor, 12th European p*rciniental NMR Conference, Oulu, 
June 5-10, 1994,233. 

39. Nina Bngstrom, Anita Teleman and Tapani Vuorinen, Changes in chemical structure of 
wood xylans during kraft pulping, Plant Polysaccharide Symposium, Guelph, July 13- 
15, 1994.P52. 

40. Anita Teleman, Vesa HarjunpHa, Toibjom Drakenberg, Maija Tenkanen and Tapani 
Vuorinen, Characterization by l H and l3 C NMR spectroscopy of hexenuronic acid 
linked to xylan in kraft pulp», 17th International Carbohydrate Symposium, Ottawa, 
July 17-22, 1994,81. 
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43. Tapani Vuorinen, Hydrogenation of aldonolactones - reaction mechanism, 3rd 
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Analysis of lignin and lignin-carbohydrate complexes isolated from black liquor, 8th 
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